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Abstract 
Datalink is currently operational for departure 
clearances and in oceanic environments and is currently 
being tested in high altitude domestic enroute airspace. 
Interaction with even simple datalink clearances may 
create more workload for flight crews than the voice 
system they replace if not carefully designed. Datalink 
may also introduce additional complexity for flight 
crews with hundreds of uplink messages now defined for 
use. Finally, flight crews may lose airspace awareness 
and operationally relevant information that they 
normally pickup from Air Traffic Control (ATC) voice 
communications with other aircraft (i.e., “party-line” 
transmissions). Once again, automation may be poised to 
increase workload on the flight deck for incremental 
benefit. Datalink implementation to support future air 
traffic management concepts needs to be carefully 
considered, understanding human communication norms 
and especially, the change from voice- to text-based 
communications modality and its effect on pilot 
workload and situation awareness. 
Increasingly autonomous systems, where autonomy 
is designed to support human-autonomy teaming, may 
be suited to solve these issues. NASA is conducting 
research and development of increasingly autonomous 
systems, utilizing machine-learning algorithms 
seamlessly integrated with humans whereby task 
performance of the combined system is significantly 
greater than the individual components. Increasingly 
autonomous systems offer the potential for significantly 
improved levels of performance and safety that are 
superior to either human or automation alone.  
Two increasingly autonomous systems concepts - a 
traffic data manager and a conversational co-pilot - were 
developed to intelligently address the datalink issues in a 
complex, future state environment with significant levels 
of traffic. The system was tested for suitability of 
datalink usage for terminal airspace. The traffic data 
manager allowed for automated declutter of the 
Automatic Dependent Surveillance-Broadcast (ADS-B) 
display. The system determined relevant traffic for 
display based on machine learning algorithms trained by 
experienced human pilot behaviors. The conversational 
co-pilot provided relevant audio air traffic control 
messages based on context and proximity to ownship. 
Both systems made use of the connected aircraft 
concepts to provide intelligent context to determine 
relevancy above and beyond proximity to ownship. 
A human-in-the-loop test was conducted in NASA 
Langley Research Center’s Integration Flight Deck B-
737-800 simulator to evaluate the traffic data manager 
and the conversational co-pilot. Twelve airline crews 
flew various normal and non-normal procedures and 
their actions and performance were recorded in response 
to the procedural events. This paper details the flight 
crew performance and evaluation during the events. 
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Introduction 
Natural human capacities are becoming 
increasingly mismatched to the enormous volumes of 
data, processing capabilities, and decision speeds 
demanded in today’s aviation environment [1]. 
Autonomy is uniquely suited to solve this problem but 
only when intelligent machines are seamlessly integrated 
with humans so that task performance of the combined 
system is significantly greater than the individual 
components. By creating human-autonomy teaming and 
associated technologies, levels of safety and 
performance above and beyond that provided by either 
one singularly can be achieved, especially during off-
nominal events or in conditions where less experienced 
or knowledgeable operators are involved [2, 3, 4, 5, 6, 
7]. If this approach to human-autonomy teaming 
successfully raises the level of safety and performance 
experienced in aviation today, then we may solve the 
problem of “What is it doing now?” [8] 
The power and capabilities of machine learning 
algorithms, perception and sensing systems, and 
computing systems are increasing exponentially; 
however, the fundamental technologies and guidance for 
autonomous systems in aviation operations are missing. 
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Under the Aviation Operations and Safety Program [9] 
(AOSP), Safe Autonomous Systems Operations (SASO) 
project, NASA Langley Research Center (NASA LaRC) 
conducted development of Increasingly Autonomous 
Systems (IAS). IAS are hardware and software systems, 
utilizing machine learning algorithms, that have the 
responsibility to meet defined goals with little or no 
direction, but with appropriate levels of involvement, 
from a human. The research [10] focused on 
autonomous concepts and technologies designed to 
replicate the performance of an expert pilot in 
monitoring, assessing, and decision-making functions 
that will, during nominal and off-nominal situations, 
continuously identify risk, and determine/prioritize 
actions needed to mitigate risk. NASA, through this 
work and others, intends to develop guidelines for the 
human-autonomy interfaces through which these 
autonomous concepts and technologies will 
communicate/interact with, and assist the pilot to safely 
accomplish the basic aviate, navigate, and communicate 
tasks in-flight. These technologies would support a crew 
when insufficient system knowledge, flight crew 
procedures, or understanding of the aircraft state 
decrease the pilot’s ability to respond, especially in 
failure situations or situations for which standard 
operating procedures do not exist. 
A simulation experiment was conducted to begin 
the development and validation of IAS concepts and 
technologies under nominal, off-nominal, and 
emergency conditions. This work was directed toward 
the identified National Research Council barrier [11] of 
“How can we assure that advanced IAS – especially 
those systems that rely on adaptive/nondeterministic 
software – will enhance rather than diminish the safety 
and reliability of the National Air Space (NAS).” The 
specific IAS concept tested was the use of a Traffic Data 
Manager and a Conversational Co-Pilot. The Traffic 
Data Manager was used to determine which ADS-B 
traffic elements to display on the navigation display. The 
Conversational Co-Pilot provided relevant audio from 
traffic that the Traffic Data Manager determined as 
relevant to display on the flight deck. 
Background 
The following background provides the motivation 
for the design and testing for the traffic data manager 
and the conversational co-pilot. Information is provided 
for the basic aircraft operation and changes made for 
display in the B737 simulator used for the study to more 
accurately reflect the state-of-the-art in flight deck 
design. Background is provided for ADS-B and Datalink 
as technologies currently being evaluated for airspace 
operations. 
Boeing 737 
The Boeing 737 family of aircraft was first flown in 
1967 and over 10,000 aircraft have been built. Three 
variants, 737 Classic, 737 Next Generation (NG), and 
737 Max, have been developed from the original 737 
design. The 737-800 is from the Boeing 737 NG series 
but systems and display configurations are not 
representative of current generation advanced aircraft 
like the Boeing 787.  ADS-B In is currently an option on 
the B-787 but is not offered on the 737. Datalink is 
offered but pilot interaction is through the multifunction 
control display unit (MCDU) with an advisory Engine 
Indicating and Crew-Alerting System (EICAS) message 
provided on datalink receipt. 
ADS-B In 
Although ADS-B Out has been mandated, ADS-B 
In is not currently required and is not offered as an 
option on the B-737 NG. If displayed, ADS-B traffic is 
integrated [3] with TCAS and typically displayed on the 
navigation display. In our study, ADS-B In symbology 
was used in the study (Figure 1). Symbology standards 
allow for directional indications of traffic heading and 
labels may be used to indicate specific aircraft.  
 
Figure 1. Navigation Display with ADS-B Symbology  
Displayed traffic may be decluttered using standard 
Traffic Collision Avoidance System (TCAS) filtering 
like above/below and proximate indications but most 
airlines do not fit the optional controls for these filters. 
Simple automated filters may be used based on aircraft 
configuration, level flight, climbing, or descending, but 
often the display of traffic in complex airspace is so 
dense that the symbols are indistinguishable at relevant 
ranges used for navigation. All of these filters provide 
selection based solely on proximity to ownship. They do 
not account for collision awareness until the traffic is 
close to ownship and they provide no information on 
which aircraft are even going to the same airport as your 
destination. 
Datalink 
Datalink integration for the B-737 is not as 
advanced as in the B-787 design. In the B-787 there are 
dedicated buttons for working with clearances and the 
messages are displayed on the primary flight display in 
the pilots’ primary field-of-view. There is a status 
message displayed on the EICAS display and a chime is 
sounded when a message is received. For the standard 
B-737, crew interaction is through the MCDU pages 
with no dedicated buttons to accept or reject a datalink 
clearance. Figure 2 shows the MCDU where the crew 
would have to select ATC COMM menu button to 
navigate to all the sub-pages for ATC datalink 
communications. The messages are displayed on the 
MCDU as well which makes it difficult for the pilots to 
read and interact with the message text, especially for 
the pilot flying. The extra time spent head-down to 
attend to datalink messages is substantial. The study 
used a method similar to the B-787 where a dedicated 
message area, see Figure 3, is presented for ATC 
messages and a set of dedicated buttons for acknowledge 
(ACC) and cancel/reject (C/R) are used to respond to 
ATC messages, see Figure 4. 
 
Figure 2. MCDU with ATC COMM menu button 
 
 
Figure 3. Dedicated ATC Message Area on EICAS 
 
Figure 4. ACC and C/R Datalink Buttons 
Automation Complexity 
Datalink messages may be a future requirement due 
to controller workload and radio congestion. They 
provide automation of routine tasks for things like 
position reports and other clearance requirements. 
Datalink messages are problematic in that they do not 
allow pilots to pick up background information normally 
gleaned from the so-called “party line” (i.e., other 
pilot/controller communications). This data is especially 
valuable when the information is for rapidly changing 
weather conditions or adverse conditions like 
thunderstorms and turbulence.  
At the same time datalink can make simple tasks 
much more complex. The current advisory material [4] 
defines almost 400 possible user messages. Pilot-to-
controller voice communications are robust and less 
rigid where both parties can interpret the meaning of the 
message to enhance message understanding. The 
datalink message system is rigid and allows one and 
only one syntax. This constraint will drive menu 
structures and drop down lists to allow for 
implementation of this complicated message set. Free 
form text is discouraged and only allowed to make non-
normal requests. Automation ought to support a more 
human centric communication system instead of forcing 
a ridged construct. Until normal flight deck actions are 
translated automatically into the proper user messages, 
datalink for anything other than routine clearances will 
require more workload and not less than a simple voice 
transmission. 
Method 
An experiment was conducted to evaluate a traffic 
data manager and a conversational co-pilot as IAS 
concepts to better support pilots during complex and 
time-sensitive air carrier flight operations. Two different 
filters were evaluated for the traffic data manager with 
the third condition being no filter or all traffic displayed. 
The static filter always showed the two aircraft in the 
traffic sequence ahead of ownship and the aircraft that 
followed ownship. Note that when aircraft were being 
vectored into slots those aircraft were not always 
directly ahead. The dynamic filter showed the same 
three aircraft but also displayed traffic that the traffic 
data manager determined were relevant. An aircraft 
during an emergency or one that was conducting a go-
around for instance. Relevant traffic is further described 
in the events. The conversational co-pilot filtered audio 
information using the same filtering as the traffic data 
manager. 
Twelve U.S. airline crews flew various normal and 
non-normal procedures and their actions and 
performance were recorded in response to failures and 
events. These data are fundamental to and critical for the 
design and development of future increasingly 
autonomous systems that can better support the human 
in the cockpit. 
Experiment Design 
The experiment used a randomized block design to 
evaluate the traffic data manager and the conversational 
co-pilot during nominal and off nominal flight 
conditions. Each crew flew 4 runs, one nominal and 
three off-nominal, for this experiment. The three 
independent variables were pilot flying, traffic filter 
condition, and scenario.  
The pilot flying designation (Captain or First 
Officer) was randomized for each crew. Each crew 
experienced the nominal condition first followed by each 
off-nominal scenario in varying order.  
For the three filter conditions; their order was 
varied for each crew to minimize learning effects. TCAS 
and ADS-B traffic information was presented on each 
pilot’s navigation display. The amount of traffic 
displayed was varied as a function of the filter condition. 
ATC audio communications were also varied as a 
function of the filter condition and was broadcast over 
headsets for all traffic that was available to display. 
The nominal run used a “static” filter configuration 
and was always presented as the first run. The static 
configuration included the two preceding aircraft and the 
aircraft following ownship in the traffic flow to the 
destination airport. Audio consisted of all information on 
the tuned frequency and any communications associated 
with the static traffic elements.  
The “noisy” condition consisted of all traffic within 
the displayed range and the audio component included 
all ATC communications on the tuned radio channel. 
Crews responded to clearances through both datalink 
and voice. This is the audio equivalent of today’s non-
datalink operation. 
The “dynamic” condition used all of the traffic 
elements from the static case and included all traffic that 
the traffic data manager deemed relevant. Relevant 
traffic varied within the scenario and scenario events. 
Audio consisted of all information on the tuned 
frequency, communications associated with the static 
traffic elements, and all communications associated with 
relevant traffic identified by the traffic data manager. 
Each crew experienced all three scenario events. 
Scenario order was blocked. The events are described 
below. 
Events 
The scenario events were developed to exercise 
information that may be gleaned from normal ATC 
communications and is often described as the party line 
effect. One of the scenario designs showcased 
information from another audio channel. This 
information wouldn’t be available today from normal 
communications and provides some insight into 
potential capabilities of the technology. The scenarios 
were designated 1-3. All scenarios were built around 
arrivals into the John F. Kennedy International Airport 
(KJFK). 
Scenario 1, on the RNAV RNP 13L approach, an 
aircraft five ahead of ownship blew a tire while landing. 
When the aircraft blew a tire the pilots declared an 
emergency. ATC provided instructions for the aircraft 
immediately behind aircraft five to go around. The next 
aircraft was provided a clearance to go around. The next 
few aircraft including ownship were provided a 
clearance to land on Runway 13R. Relevant traffic and 
audio for the dynamic filter condition was provided for 
the emergency aircraft. No relevant audio was presented 
for the static or noisy filter condition as those 
communications occurred on the tower frequency while 
ownship was still monitoring approach control. 
Scenario 2 utilized a traffic element that had 
departed LaGuardia and normally would climb well 
above JFK approach traffic. In scenario 2, the aircraft 
departing LaGuardia lost an engine while on initial 
climb out.  The reduced climb gradient put the aircraft 
on a coincident altitude with ownship during the 
approach. Due to the nature of the emergency, the 
departing aircraft quit talking to ATC while they were 
trying to handle their emergency. The relevant traffic 
and audio for the dynamic filter condition included the 
initial call to ATC for the engine failure and ATC calls 
on the LaGuardia tower and departure frequencies to 
vector the aircraft away from JFK traffic. Traffic for the 
static and noisy filter condition was only displayed when 
the conflict aircraft became proximate as defined by 
TCAS. The only relevant audio calls for the static and 
noisy filter condition were from approach when they 
provided the crew with a traffic report. 
Scenario 3 showcased deteriorating weather at the 
destination runway. As the aircraft were currently 
cleared for the RNAV RNP 13L approach and the 
reported weather was 800 and three miles, the weather 
was lowered to 200 foot ceiling and ½ mile visibility. 
The aircraft five in front of ownship missed the 
approach. The following aircraft also missed the 
approach before ATC started vectoring aircraft onto the 
ILS Runway 13L approach. Eventually, ownship was 
provided ATC vectors for the ILS 13L approach. 
Relevant traffic and audio for the dynamic filter 
condition included aircraft as they missed the approach 
and all aircraft that were receiving ATC vectors for a 
change in approach condition. For the static and noisy 
filter conditions, relevant audio only occurred on the 
tower frequency and was unavailable until after the 
clearance for the new runway. 
Apparatus 
The experiment was conducted in the NASA 
Langley Research Center (LaRC) Integration Flight 
Deck (IFD) simulator, Fig. 5. The study was conducted 
in full motion with the IFD articulated on top of a 
hexapod hydraulic motion system. The IFD simulator 
cab is populated with flight instrumentation, including 
the overhead subsystem panels, to replicate a B-737-800. 
This facility incorporates fully functioning pilot controls 
with representative force feel and a stick shaker system, 
a flight management system, and 6 representative flight 
displays (2 PFDs, 2 NDs, EICAS display and lower 
system display). Electronic Flight Bag (EFB) displays 
are installed outboard on each pilot’s side. A collimated 
out-the-window scene is produced by a Rockwell 
Collins Image Generator graphics system providing 
approximately 200 degree horizontal by 40 degree 
vertical field-of-view at 26 pixels per degree.  
 
Figure 5. Integration Flight Deck Simulator 
Participants  
Twenty-four pilots (12 crews), representing three 
airlines, participated in this experiment. Each pilot held 
an Airline Transport Pilot rating and was current in the 
737-800 aircraft as either Captain or First Officer. Crews 
were paired from the same employer to minimize inter-
crew conflicts in Standard Operating Procedures (SOPs) 
and Crew Resource Management (CRM) training. All 
participants were male, except for one female. The 
Captains’ average age was 55 years with an average of 
27,000 total flight hours and 2,800 flight hours in the 
737-800. The First Officers’ average age was 49 years 
with an average of 9,000 total flight hours and 1,700 
flight hours flying as 737-800 First Officer.  
Pilot flying (PF) and pilot monitoring (PM) roles 
were assigned based on the experimental matrix. 
Training 
Pilots were type rated and qualified in the B737-
800 and the simulator was a faithful representation of the 
aircraft so no aircraft specific training was expected or 
received. An extensive briefing about the new 
technologies being evaluated was provided on the first 
morning, followed by a training session on how to 
interact with ATC datalink messages. Since datalink is 
not currently standard on the Boeing 737 aircraft, a 
familiarization run from takeoff to landing provided a 
further training opportunity and to re-enforce use of 
datalink and the display of ADS-B traffic on the 
navigation display.  
Procedures 
A nominal flight was flown as a baseline run from 
top of descent to a landing at KJFK to provide a basis 
and context for normal workload and crew resource 
management scores as well as to reinforce the datalink 
systems training received earlier in the day. The route of 
flight flown by the pilots consisted of the CAMRN4 
arrival into KJFK, which connected to special RNP 
RNAV procedure for Runway 13 Left at KJFK. For the 
three off nominal data collection runs, the aircraft was 
initialized near PANZE on the arrival at 17000 feet and 
terminated either in a landing on Runway 13L, 13R, or a 
go-around, depending on the scenario flown and the 
pilot reaction to the events.  
Material representing some of the information 
provided by flight dispatch was given to the pilots, to 
include a detailed flight plan, weather forecasts, and 
applicable Notices to Airmen.  
Normal aircraft flow was modeled for a portion of 
the eastern United States and the New York area. 
Scripted and computer generated ATC voice 
communications was provided for all modeled aircraft 
and frequencies, including normal communication with 
the experimental crew. Non-normal and emergency 
communications was provided by a staff member.  
Aircraft were landing on Runways 13 Left and 22 Left 
and departing Runway 13 Right at KJFK. 
Results and Discussion 
The following details some of the results from the 
study.  
Workload 
Figure 6 shows the NASA TLX [13] composite 
workload score (with scale ranging from 0-low workload 
to 100-high workload) collapsed across scenarios for 
each datalink condition. All mean workload scores are 
low and equivalent. Workload was essentially the same 
for all scenarios and datalink conditions. Workload 
measures proved the designs did not increase workload 
over normal operations and that the workload while 
using the different technologies was low and consistent 
with the baseline runs.  
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Figure 6. NASA TLX Workload 
System Usability 
The System Usability Scale (SUS) questionnaire 
[14] was used to determine how pilots assessed the 
perceived usability of the traffic data manager and the 
conversational co-pilot. SUS scores were calculated and 
could range from 0 to 100, but they were not percentile 
ranks. SUS scores can be associated with specific letter 
grades and adjective ratings [15]. A SUS score between 
63 and 80.3 is considered a “good” design and a score 
above 80.3 is considered an “excellent” design. 
Figure 7 details results from the SUS questionnaire, 
an industry standard metric of usability, for all three 
filter conditions of the traffic data manager. Both the 
static and dynamic filter conditions were rated as 
excellent designs. Tukey Pairwise comparisons (with 
α=0.05) showed two unique subsets for SUS scores: 1) 
Dynamic (mean=85.9) and Static (mean=82.3) and 2) 
Noisy TDM concept (mean=69.4). The dynamic and 
static filter concepts that used audio filtering were rated 
as excellent designs and the noisy datalink concept 
without audio filtering was rated as a good design.  
 
Figure 7. System Usability Scores by Concept 
Figure 8 details SUS scores across the three filter 
conditions delineated by Captain and First Officer.  Both 
crews still rated the static and dynamic filter conditions 
as excellent designs but Captains ratings were more 
variable and slightly toward the lower end of excellent. 
Pilots, in general, found the design of the dynamic and 
static concepts to be excellent pilot interface tools 
(median SUS scores of 88 and 83, respectively) for 
datalink operations. Pilot comments confirmed these 
highly favorable design scores. “The dynamic interface 
is very good provided the right relevant data is passed to 
the crew. Runway conditions, wx/windshear on final, 
aircraft go-arounds, and length of final approaches being 
used. The data should be provided in text or real voice.” 
“Definitely preferred the Dynamic mix as it seems to 
provide a good amount of information in between the 
other two.” “I really like the concepts presented in this 
study, particularly the datalink paired with a well-crafted 
dynamic filtering algorithm.” “Dynamic seems to have 
the best mix of providing enough relevant information to 
maintain situational awareness without being 
overwhelming.” 
 
Figure 8. System Usability Scores by Role 
For the noisy condition, since crews were required 
to respond to the same clearance over voice and 
datalink, many crews complained that this was 
unnecessary and artificial. “Noisy was too distracting 
and increased the workload. Receiving a message and 
ATC verbal instructions simultaneously felt distracting.” 
Relevant audio was presented over the headset in a 
computerized voice that sounded exactly like ATC 
communications. Many pilots commented that it was 
difficult to distinguish between relevant audio and other 
radio communications. This was further complicated due 
to the fact that the study was conducted in a mixed mode 
environment where many aircraft were not currently 
datalink capable and the headset contained constant 
radio clutter. Although the experiment designers used 
that as additional workload, it did solicit pilot comments. 
This would not be a limitation in a system where 
datalink only aircraft had a separate audio frequency, a 
system where only datalink aircraft were allowed, or in a 
system where the relevant audio was presented over the 
audio warning system.  
Situation Awareness 
The scenarios were designed around information 
that pilots would normally discover through listening to 
other aircraft communications like a closed runway, 
deteriorating weather, and an aircraft emergency that 
caused a traffic conflict.  A number of measures were 
recorded to determine how long from the time the event 
could be discovered until how long either pilot was 
aware of the event. This time to first awareness is 
detailed in Figure 9.  
 
Figure 9. Time to First Reaction 
This time was typically within seconds using the 
dynamic concept and ranged from seconds to minutes 
depending on scenario type. There is a significant 
difference on all scenarios between dynamic and either 
static or noisy. There are no significant differences 
between static and noisy due to no relevant audio 
difference between static and noisy for the traffic 
scenario and little difference for the approach scenarios 
as much of the final part of the scenario was conducted 
on the tower frequency. Tukey Pairwise comparisons for 
scenario 1 (with α=0.05) show Dynamic (mean=3) 
significantly different than both Static (mean=73) and 
Noisy (mean=78). Tukey Pairwise comparisons for 
scenario 2 (with α=0.05) show Dynamic (mean=31) 
significantly different than both Static (mean=72) and 
Noisy (mean=80). Tukey Pairwise comparisons for 
scenario 3 (with α=0.05) show Dynamic (mean=11) 
significantly different than both Static (mean=153) and 
Noisy (mean=162). 
Figure 10 details the time to first reprogram the 
automation. Since the traffic scenario resulted in a 
resolution advisory, there were no further automation 
steps for the traffic scenario. Note that crews would not 
reprogram the automation until the actual datalink 
clearance was received from ATC so the times shown 
are not significantly different for the filter conditions but 
show a slight trend toward quicker reaction times. There 
were at least two crews that did bring up the CDU 
arrival page ahead of time and one crew that looked at 
the ILS chart before receiving an ATC clearance.  
 
Figure 10. Time to Update Automation 
Figure 11 details the first time to use the cockpit 
displays to start reconfiguring the aircraft for the new 
clearance. Again the traffic scenario is not included 
since there was no clearance change. Typically things 
pilots did for getting ready would be to display the new 
approach chart on the EFB, set the new minimums for 
the approach, or change the frequency for the ILS 
receiver. There are no significant time differences for 
filter condition but again some trends to quicker reaction 
were observed.  
 
Figure 11. Time to Awareness 
Even for the simple scenarios presented here, all 
crews that were provided relevant audio were aware of 
each event well in advance of crews that were provided 
only some additional information. Because the scenarios 
were relatively simple, it was difficult to discern 
significant differences after the initial awareness time. 
For more complex scenarios where a diversion was to be 
required or complex weather information needed to be 
gathered to make a decision, the additional time could 
become more significant. Note that for the traffic 
scenario, much of the relevant audio was provided from 
communications frequency that would not typically be 
available to the crew since they are conducting an 
approach into KJFK and the traffic was departing from 
KLGA. The normal party line information would not be 
available. ADS-B traffic alone does not provide relevant 
information that communications audio provides. The 
traffic scenario showed the oncoming traffic and either 
due to inadequate range or confirmation bias, the traffic 
was not noticed until either the ATC call about traffic 
was received or the TCAS traffic advisory audio was 
presented. 
Conclusions and Recommendations 
The noisy condition provided audio similar to 
today’s normal communications in that all radio calls 
and datalink information was broadcast on the frequency 
being monitored by the crew. Since the majority of the 
relevant information in this case was provided on the 
tower frequency, little benefit from relevant audio 
information was observed for the static and noisy 
conditions. 
Although relevant audio is a simple concept, correct 
implementation is not straightforward and would require 
changes to both the current ground and airborne systems. 
The implementation in this study assumed limited 
airborne changes due to the relevant audio being 
broadcast over the current tuned communication 
frequency. Limitations were noticed in the information 
sounding similar to other radio communications and the 
system is dependent on the pilot selected volume 
control.  
Weather information is something many of the 
pilots thought was important and changing weather 
conditions are easily lost in a datalink environment 
Weather information is readily available in digital form 
and that information could be compared, either on the 
ground or in an airborne system, to the current planned 
route of the aircraft, relevant information could then be 
provided when changes occur that affect that plan. This 
could be an easy first implementation for the 
conversational co-pilot. 
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